Objective: We examined our coronary artery bypass surgery (CABG) experience to assess the effect of training on mortality and morbidity outcomes. Methods: Between April 1997 and September 2002, 5678 consecutive patients underwent isolated CABG. Five hundred and fiftyfive (9.9%) were performed by trainee surgeons. Multivariate logistic regression was used to assess the effect of training on adverse outcomes, while adjusting for patient and disease characteristics (treatment selection bias). Cox proportional hazards analysis was used to adjust Kaplan -Meier survival curves. Treatment selection bias was controlled for by constructing a propensity score from core patient characteristics including the additive EuroSCORE. The propensity score was the probability of CABG performed by trainee, with a C-statistic of 0.79, and was included along with the comparison variable (trainee vs Consultant) in a multivariable analysis of outcome. The propensity score is used as the sole variable for adjustment due to the low number of events, providing a more complete risk adjustment. Results: CABG procedures performed by trainee surgeons were less likely to be female, hypertensive, obese, triple-vessel disease, redo and emergency cases. Also, trainee surgeons were less likely to operate on patients with cerebrovascular disease, renal dysfunction, and previous myocardial infarctions, prior gastrointestinal surgery, and poor left ventricular ejection fraction. The additive EuroSCORE was 2.9 in trainee cases compared to 3.5 in Consultant led cases ðP , 0:001Þ: Crude outcomes were significantly better in trainee CABGs due to selection bias. In-hospital results were no longer significantly different between both groups after adjusting for the propensity score. The adjusted freedom from death in the trainee cases at 30 days, 1, 2, 3, and 4 years was 98. 1, 96.2, 94.7, 93.2 and 91.8%, respectively, compared to 97.9, 95.7, 94.1, 92.3 and 90.8% for the Consultant led cases ðP ¼ 0:53Þ: Conclusions: After adjusting for case-mix, with careful case selection, training does not adversely affect the early and mid-term outcomes of CABG. q
Introduction
There is a growing difficulty within the National Health Service to balance the quality of the services provided with the need for increased surgical training [1] . With surgical performance under constant scrutiny and the demand for more accountability, some Consultant surgeons may be inclined to reduce the number of operations they allow a trainee to lead. However, this is at odds with the training requirements of junior surgeons. Therefore, a better understanding of the effect trainee surgeons have on short-and mid-term outcomes is required.
Several studies have been published recently examining the impact of training on outcomes in cardiac surgery. These have however been on relatively small numbers, around 3000 procedures [2 -4] . Jenkins and colleagues, in a study involving 6037 cardiac surgery operations, published in 2001 their experience of surgical training and concluded that with appropriate case selection, training in cardiac surgery can achieve good results [5] .
We aimed to assess the effect of training in coronary artery bypass graft (CABG) surgery at our institution on inhospital outcomes and mid-term survival, while adjusting for differences in patient and disease characteristics.
Methods

Patient population and data
We performed a retrospective study on a total of 5678 consecutive patients undergoing CABG surgery between 1st April 1997 and 30th September 2002 at the Cardiothoracic Centre, Liverpool. Patients undergoing CABG that was combined with a heart valve repair or replacement, resection of a ventricular aneurysm or other surgical procedure were not included.
All data were collected prospectively during the patient admission as part of routine clinical practice. Methods of data collection and definitions have been previously published [6] and are available from www.nwheartaudit. nhs.uk. Data were collected on the following variables: age, sex, body mass index, urgency of operation, angina class, smoking, diabetes, hypercholesterolaemia, hypertension, previous myocardial infarctions, peripheral vascular disease, cerebrovascular disease, respiratory disease, renal dysfunction, prior cardiac surgery, prior gastrointestinal surgery, as well as the extent of coronary disease, and left ventricular ejection fraction. The Procedure details collected during the operation included name and grade of first operator, number of grafts, off-pump surgery and use of the left internal mammary artery (LIMA).
During a junior surgeons training at the centre, they would be expected to perform tasks such as suturing anastomoses or harvesting the LIMA on a regular basis before taking on cases as first operator. All cases were a trainee was first operator would be closely assisted (sometimes in the form of guidance) by the Consultant in charge of the case. However, a trainee in their final year of training would gradually be given more independence during the procedure. It is important to stress that at all times; a Consultant cardiac surgeon would be available in case of difficulties.
The in-hospital outcome measures for this study were mortality, stroke, peri-operative myocardial infarction, acute renal failure, deep sternal wound infection, reexploration for bleeding, atrial arrhythmia, gastrointestinal complications, and duration of mechanical ventilation. Follow-up data included mid-term mortality.
In-hospital mortality was defined as death within the same hospital admission regardless of cause. All patients transferred from the base hospital to another hospital were followed up to confirm their status at discharge. Postoperative stroke was defined as a new focal neurological deficit and comatose states occurring post-operatively that persisted for . 24 h after its onset and was noted before discharge. We excluded confused states, transient events and intellectual impairment from our study to avoid any subjective bias. Post-operative myocardial infarction was defined as a new Q-wave post-operatively in two or more contiguous leads on an electrocardiogram or significant rise in post-operative cardiac enzymes combined with haemodynamic and echocardiographic signs of myocardial infarction. Acute renal failure was defined as patients requiring post-operative dialysis support. Re-exploration for bleeding was defined as bleeding that required surgical reoperation after initial departure from the operating theatre. Criteria for defining deep sternal wound infection were in accord with the published evidence-based guidelines by the Centres for Disease Control and Prevention [7] . Postoperative atrial arrhythmia was defined as the occurrence of new atrial arrhythmia in the absence of pre-operative persistent or paroxysmal atrial arrhythmias. Definitions for gastrointestinal complications were in line with The Society of Cardiothoracic Surgeons of Great Britain and Ireland minimum dataset and included gastrointestinal bleeding, pancreatitis, ischaemic bowel, and perforation [8] .
Patient follow-up
Patient records were linked to the National Strategic Tracing Service (NSTS), which records all deaths in the United Kingdom. To establish current vital status, patients were matched to the NSTS based on patient name, National Health Service unique number, date of birth, gender, and postcode.
Statistical methods
Due to non-normality of data, continuous variables are shown as median with 25th and 75th percentiles. Categorical variables are shown as a percentage. Comparisons were made with Wilcoxon rank sum tests and x 2 -square tests as appropriate. The European System for Cardiac Operative Risk Evaluation (EuroSCORE) was calculated to assess overall differences in patient case-mix [9] . Logistic regression was used to adjust in-hospital outcomes for differences in patient and disease characteristics (treatment selection bias) [10] . Deaths occurring as a function of time were described using the product limit methodology of Kaplan and Meier [11] . Cox proportional hazards analysis was used to calculate adjusted hazard ratios (HR) and to risk adjust the Kaplan -Meier survival curves [12] .
Treatment selection bias was controlled for by constructing a propensity score, otherwise known as a balancing score [13] . The propensity score was the probability of undergoing CABG led by a trainee surgeon, and was constructed from core patient characteristics and the additive EuroSCORE (C-statistic ¼ 0.79) [14] . Once the propensity score is constructed for each patient, there are three ways of using the score for comparisons: matching, stratification, and multivariable adjustment. We decided to use multivariable adjustment because matching would have reduced the study size and stratification can be difficult to interpret. The propensity score is then included along with the comparison variable (trainee or Consultant) in a multivariable analyses of outcome producing adjusted odds ratios as shown in Table 5 . The propensity score adjusts for the treatment selection bias, which is evident in Table 2 , between one group vs another. An example of the calculation of the propensity score is given at the bottom of Table 5 . Using a propensity score as the sole means for adjusting outcomes was preferable due to the low number of events in our study and provides better adjustment for those factors driving treatment selection; the overall effect is more complete risk adjustment [13] . In all cases a P-value , 0.05 was considered significant. All statistical analysis was performed retrospectively with SAS for Windows Version 8.2.
Results
During the study period, 559 (9.9%) patients underwent CABG led by a trainee surgeon, compared to 5119 (90.1%) led by a Consultant. The proportion of CABG procedures led by a trainee was 11.8% in the financial year of 1997/1998, compared to 10.3% in 2001/2002 ðP ¼ 0:29Þ:
Overall, there were 17 trainee surgeons during the study, which led on average 32 procedures (minimum 8 and maximum 119). For trainee surgeons who led less than 50, between 50 and 100, and more than 100 procedures, the respective in-hospital mortality was 0, 0.5, and 1.7% ðP , 0:05Þ: This increase in mortality was explained by an increase in risk, according to the EuroSCORE for the three groups, which was 1.2, 1.8, and 2.8%, respectively ðP , 0:05Þ: The relationship between year of training and in-hospital mortality is shown in Table 1 . Table 2 lists the patient and disease characteristics based on first operator. CABG procedures performed by trainee surgeons were less likely to be female, hypertensive, obese, triple-vessel disease, redo and emergency cases. Also, trainee surgeons were less likely to operate on patients with cerebrovacular disease, renal dysfunction, previous myocardial infarctions, prior gastrointestinal surgery, and poor ejection fraction.
Operative details on off-pump surgery and the use of LIMA, along with the number of grafts are shown in Table 3 . Table 4 shows that crude in-hospital outcomes were significantly better in trainee CABGs. After taking into account the differences in case-mix, by adjusting for the propensity score, the results of trainee surgeons were neither significantly better nor worse than Consultant surgeons ( Table 5 ). The factors which made up the propensity score are shown at the bottom of Table 5 .
Five hundred and fifty-nine (9.8%) deaths occurred during the follow-up period. The total follow-up was 16 335 patient-years, with a mean average of 2.9 years (standard deviation 1.6 years). The number of patients at risk of death during each year of the follow-up are shown in Fig. 1 (Fig. 1) .
After adjustment with the propensity score, the adjusted HR of mid-term mortality for trainee cases was 0.89 ðP ¼ 0:53Þ: The adjusted Kaplan -Meier survival curves are shown in Fig. 2 
Discussion
The European working times directive is reducing junior doctors' hours, thus leading to less exposure and training opportunities. Moreover, increasing public scrutiny of individual surgeons' results has led to greater caution among senior surgeons to provide training. There is a general belief among clinicians that trainee surgeons are associated with increased morbidity and a prolonged hospital stay, and therefore increased hospital costs. Due to this, junior surgeons are often given easier cases during their training, while the Consultants more often than not deal with the more complex procedures [3] . Stoica and co-workers point out that when two patients have the same EuroSCORE, the Consultant is more likely to choose to operate on the patient with less favourable anatomy or with other co-morbid factors not included in the Euro-SCORE [2] .
Our study demonstrates the clear process of case selection with the patient characteristics between trainee and Consultant surgeons being vastly different in many areas. CABG procedures performed by trainee surgeons were less likely to be female, triple-vessel disease, poor ejection fraction, redo and emergency cases. Also, comorbid factors were significantly less frequent in trainee cases, producing a significantly lower risk score as measured by EuroSCORE. On average one additional graft was required during the procedure for Consultant surgeons, which again confirms the complex nature of the operations they choose to perform.
This obvious difference in case-mix leads to crude outcomes being significantly lower in procedures led by trainee surgeons compared to Consultants. This leads to erroneous conclusions, such as 'trainee operating had an apparent protective effect' [2] . Does this mean trainee surgeons are better at performing CABG? The straightforward answer is not at all. In fact such crude comparisons Table 4 Post-operative data based on first operator Table 5 Post-operative data based on first operator, adjusted for the propensity score Trainee ðn ¼ 559Þ
Consultant ðn ¼ 5119Þ
Odds ratio (95% confidence intervals)
P-value
In-hospital mortality (%) are misleading, and could quite easily mask poor performance in our junior surgeons.
The planned publication of crude mortality rates in CABG in the United Kingdom [15] adds further complexity to the question of training as Consultants will become more and more inclined to lower the number of procedures under their care that they allow trainee surgeons to lead, as a handful of deaths could have serious consequences. Also, with increased scrutiny of surgical performance and need for accountability not only in the United Kingdom but across the world, it is important to regularly audit performance among trainee surgeons, while taking into account differences in case-mix.
Surgical training in cardiac surgery is increasingly demonstrated as safe [2 -5,16 ]. Jenkins and colleagues concluded that with the appropriate selection of cases, the performance of trainees is good [5] . The Department of Veterans Affairs cooperative study on valvular heart disease, found that the operative mortality of trainee cases was not significantly higher after adjusting for risk factors [16] . Training in off-pump CABG, a technique which is becoming increasingly more popular [17] , has also been shown to be safe with acceptable results [18, 19] . In our series, we have found that 26.3% of trainee cases are performed without cardiopulmonary bypass.
In this large, recent series of CABG patients, we have shown that after adjusting for case-mix, with careful case selection, training does not adversely affect the early and mid-term outcomes of CABG. In-hospital morbidity and mortality results were similar between Consultant and trainee surgeons, but more importantly, the adjusted survival at 4-years was also not significantly different. This highlights that the quality of surgery provided are similar, as long as adequate training and supervision are given to trainees.
Our study has also highlighted that the in-hospital mortality rates increase with the number of cases performed by trainee surgeons, which is closely linked to the year of training. This increase in mortality is due to an increase in the complexity of the cases that a trainee takes on as first operator over time. At no time does the mortality exceed what is expected according to the patients risk profile, as measured by the EuroSCORE.
There are several limitations in our study. Firstly it is an observational report; however, we have adjusted for differences in patient characteristics by using a propensity score, which was included in the multivariable analyses. Propensity score adjustment is no substitute for a properly designed randomised control trial (RCT), on the other hand, retrospective comparisons with propensity score adjustment are more versatile and may be more widely acceptable than RCTs.
Another limitation is the fact that the trainee results will probably reflect part of the Consultants performance due to the assistance they would have given to the junior surgeon. Unfortunately we cannot quantify the full extent of involvement by the Consultants in this retrospective data, although this is now something we are collecting prospectively since carrying out this study.
A final limitation is that we have only examined survival as a mid-term outcome. Other mid-term results, such as recurrence of angina, additional revascularisation (either surgical or percutaneous), and quality of life were not available at the time of this study, but will be of interest in the future.
In conclusion, after accounting for differences in patient characteristics, training under Consultant supervision in coronary artery bypass surgery is safe with acceptable shortand mid-term results.
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